The increase in population and the improvement of life standards are stretching the boundaries between water-energy-land management, and demanding innovative and holistic solutions. This article proposes an approach for increasing the water availability of two or more water basins taking into consideration land use and wind patterns, and was named Land, Water, and Wind Watershed Cycle (L3WC). This approach can be applied to one watershed or a combination of watersheds. In the first case, if wind patterns blow mainly in the opposite direction of the main river flow, plantations with high water demand should be focused on the lowest part of the basin. The transpired moisture would then return to the basin with the wind and possibly increase the water availability of the basin. Applying this method to a series of basins, water is transposed from one basin to another, used for irrigated agriculture, returned to the atmosphere with evapotranspiration and pushed back to the basin where the water was extracted by the wind. Case studies of this methodology are presented in the São Francisco basin and between the Tocantins, Amazonas, and Paraná basins and the São Francisco basin in Brazil. The São Francisco basin was selected because it is located in a dry region, its flow has considerably reduced in the past decade and because the trade winds blow constantly from the ocean into the continent all year around. L3WC is a strategy to plan the allocation of water consumption in a watershed, taking into account wind patterns to support the sustainable development of a region. It has the potential of increasing water availability and creating a Climatic Change (2018) 
Introduction
Irrigation and cattle grazing, together with other processes that change water and land use, directly impact the local and regional climate. For example, the deforestation of the Amazon forest for cattle grazing in Brazil is contributing to the reduction in precipitation in most water basins in the country, which is resulting in environmental, economic and social impacts (Davidson et al. 2012; Lean and Warrilow 1989; Spracklen et al. 2012; Henderson-Sellers 1984; Júnior et al. 2015) . Land and water management could be performed in a way to increase resource availability, such as water and cultivatable land instead of reducing then, as it is proposed in this paper.
Brazil has just gone through the worst drought in the recorded history. The Southeast and Northeast regions have been especially affected during the years 2014 and 2015, and this trend persists in 2017 (Barifouse 2014; Vasco 2015) . The sectors most vulnerable to changes in climate in Brazil are the electricity generation and agriculture sectors. This is because hydropower generates around 70% of the country's electricity and the changes in climate over recent years have considerably reduced Brazil's hydropower production. Wind power is contributing to complement the reduction in hydropower generation, especially during the dry period, and its capacity is foreseen to reach 22 GW by 2024. Solar power has less seasonal variations and is set to increase to 7 GW by 2024 (Brazilian Energy Research Office 2015) . Another alternative to reduce the vulnerability of the electricity sector with great potential in Brazil is biomass (Hunt et al. 2016) . However, the impacts of land and water use on water management and hydropower generation should be considered. For example, the water extracted to produce biomass could generate less economic returns, than if the water was used for hydropower. This happens in locations where the hydropower potential is very high. Thus, the economic and environmental analysis of biomass electricity generation should consider the reduction in hydropower potential. Climate change has been included in the strategic planning in Brazil (Brazilian Ministry of the Environment 2016). However, the plan does not study how man-made use of land and water influences the Brazilian climate.
This study presents an approach to improve water and land used allocation, taking into consideration the direction of prevailing winds, with the intention of increasing the water availability of a basin or basins and for a better adaptation to changes in climate.
This paper is divided into five sections. Section 2 presents the two different approaches for Land, Water, and Wind Watershed Cycle. One focuses on an individual basin (Intrabasin L3WC) and the other on several basins (Interbasin L3WC). Section 3 presents two case studies in the Rio São Francisco basin in Brazil, one for each approach. Firstly, a probabilistic distribution of wind patterns in Brazil is presented, focusing especially on the São Francisco River. The Intrabasin L3WC case study is presented focusing on the comparison the water requirements and impact on hydropower and biomass electricity generation. A quick overview of the needs for water transposition in Brazil is presented. This is followed by a case study of the Interbasin L3WC, which is divided into four parts: the transposition of water, the consumption of water with irrigation, the return of the moisture with the wind, and the use of L3WC as a climate change adaptation strategy. The benefits and challenges of the methodology are discussed in Section 4. Section 5 concludes the paper.
Methodology

Land, Water, and Wind Watershed Cycle
This paper presents a water allocation strategy within a basin and among basins with the intention of increasing their overall water availability. This methodology should be applied to improve land and water use planning with the intention of increasing the services that could be extracted from the basin, such as water, energy, and food.
This concept has been divided into two methodologies. The first focuses on a single watershed and it is presented in Fig. 1a . In this case, the river flow and shape of a basin is compared with the predominant wind patterns. If the predominant wind direction in the watershed pushes water from downstream, the basin to upstream the basin, then the basin can be considered for L3WC. If the wind blew out to the ocean, then there would be no benefit to the nearby areas.
The other important aspect is the selection of the appropriate location for the water to be consumed. Plantations with the highest irrigation demand should be positioned in regions downstream the basin. This is already usually the case, given that downstream a watershed there is higher water availability. Following this water consumption allocation, the moisture transpired at the irrigated plantation will be carried back into the basin. This increase in moisture in the basin could consequently increase precipitation and its water availability. Note that for L3WC to work correctly, the wind direction should be predominantly against the direction of the basin, especially during periods when the water consumption for irrigation is at its highest. The combination of river flow and constant wind direction pattern is the main limitation for this methodology. This is also convenient for bioenergy vs. hydropower electricity generation planning, given that the water for biomass plantation is extracted from downstream the basin, its impact in hydropower generation is reduced. Additionally, with the consequential increase in water availability in the basin with L3WC, hydropower generation in the basin should also increase. An example of Intrabasin L3WC is presented in Section 3.2.
The second methodology involves water transposition between different basins and the return of the moisture with trade winds, as shown in Fig. 1b . Firstly, the basin from where the water is extracted should have abundant water resources and the basin where water is transposed to should be water scarce. This is to justify the transposition projects, which are expensive and controversial due to environmental impacts. Similarly to Intrabasin L3WC, another important limitation for Interbasin L3WC is the constant wind patterns blowing the moisture in the opposite direction of the transposed water. If the wind blows predominantly in the opposite direction of the transposed water, then the project can be considered a L3WC. Plantations with high irrigation demand should be positioned in the windward basin. The moisture transpired at the irrigated plantation returns to the atmosphere and is carried back into the original basin with the wind, increasing the water residence time in the two basins. This increase in moisture in the basins could consequently increase precipitation in the basins and their water availability. An example of Interbasin L3WC is presented in Section 3.4.
3 Results: São Francisco Basin case study 3.1 Trade winds in São Francisco Basin Fig. 2 shows the yearly probability distribution of wind direction in the São Francisco basin at ground height (Amarante et al. 2001) . The predominance of trade winds carries humidity from the Atlantic Ocean to the Brazilian countryside. These trade winds are predominant up to a height of 4000 m into the atmosphere (Windyty 2016) . This corresponds to the section in the atmosphere with the most humidity. According to Fig. 2 , considering the section of the São Francisco River where it meets the Atlantic Ocean, it can be seen that the trade winds and the São Francisco River flow are in opposite directions.
Additionally to the trade winds, due to the proximity with the equator, another important aspect that contributes to the success of L3WC in Brazil is the fact that the Andes Mountains impede that the moisture entering the western side South America leaves the eastern side of South America. Thus, most of the moisture entering with the trade winds precipitates in the continent, mainly in the Amazon basin, and leaves the continent as river flow. Only a fraction of the moist air that enters with (Amarante et al. 2001) the trade winds leaves the continent, especially through the north or south of the continent. This is one of the reasons that the Amazon basin is the basin with the highest flowrate of 130,000 m 3 /s on average in the world (Brazilian National Water Agency, 2018). In addition, this also increases the likelihood that the water transpired in the São Francisco River L3WC would precipitate in South America.
Intrabasin L3WC
This section presents a case study of Intrabasin L3WC in the São Francisco basin, as shown in Fig. 1a . As it can be seen in Fig. 2 , the last section of the São Francisco River flows in the opposite direction as the wind patterns. This indicates that this location might be appropriate for Intrabasin L3WC. The other important aspect is to check if there is an appropriate land for irrigated agriculture in the downstream section of the river. Then detailed modeling should be performed to study the impacts of the increased humidity of the basin on its climate (this task is out of the scope of this paper).
With the intention of increasing the water availability of the basin, plantations with high irrigation demand are introduced downstream the river basin. The evapotranspiration from the plantations increase the moisture in the air and the moisture is carried by the wind upstream the basin. This increase in humidity could contribute to an increase in precipitation. It should be noted that the water transpired near the mouth of the São Francisco River would not only precipitate in the São Francisco basin, but also in the Tocantins, Amazon, Paraná, and other basins. However, this is beneficial when comparing to allowing the water to return into the Atlantic Ocean, as would contribute to the increase of water availability in Brazil. Climatic and hydrological models would be important to estimate the impacts of the watershed transposition cycle on the country's climate.
In order to optimize hydroelectric generation in the basin, biomass may be planted in locations with low hydropower potential. Biomass, especially eucalyptus, requires large quantities of water. If the plantation is located at the São Francisco River mouth, the water will be used for irrigation and will be released into the atmosphere as moisture in the air. The strong trade winds carry the moisture back inland from the São Francisco River mouth, in the opposite direction of the São Francisco River flow. This moisture may increase rainfall in the São Francisco basin and, thus, it may create a partially closed artificial water cycle, as described in Fig. 3 , having a positive impact on hydroelectric generation in the basin, reducing the amount of water that returns to the ocean and increasing the water availability in Brazil. In addition, the use of water for biomass electricity generation reduces the hydropower generation potential of the river where water is extracted. For example, in eucalyptus plantations near the Nova Ponte reservoir in Minas Gerais, the water consumed by the plantation turns into moisture in the atmosphere, which eventually precipitates in another location with a different hydroelectric generation potential. In this case, water used for growth of biomass would be removed from the reservoir of a hydroelectric cascade with a maximum generation head of 642 m. If this moisture precipitates near the Ilha Solteira reservoir with a generation head of 199 m, there will be a potential loss of hydroelectric generation of 442 m. This hydroelectricity generation loss is equivalent to 20% of the electricity that would be generated when burning the biomass planted near Nova Ponte reservoir (Hunt et al. 2016) . It would be better to plant biomass in low-altitude locations, with low potential for hydroelectricity generation, with the intention of reducing its impact on hydropower generation. Ultimately, if the biomass is located as suggested in this paper, it may result in an overall increase in hydropower potential and/or water availability in Brazil.
Water transposition needs
The Araguaia basin is marked by periods of extreme droughts and floods throughout the year. It has a very flat topography and suffers from the intense silting of the river on the border between the states of Pará, Mato Grosso, and Tocantins. This sedimentation restricts the flow of water, increasing the level of the Araguaia river from 6 to 11 m during the flood period (Brazilian National Water Agency 2018), which can cause severe floods in the Mid Araguaia basin. In a 10-year period, large scale floods happen causing huge impacts in the economy and in the environment. Severe floods happened in the years 2013 , 2002 , 1990 and 1980 (Brazilian National Water Agency 2018 Dias 2014) . In February 2002, the flooded area in the Mid Araguaia region reached around 60,000 km 2 (Institute of Hydraulic Research 2016). The average flow of the main basins involved in this study to the Atlantic Ocean is 130,000 m 3 /s for the Amazon River, 8000 m 3 /s for the Tocantins river, 12,000 m 3 /s for the Paraná river, and the flow used to be 2000 m 3 /s but has reduced to 700 m 3 /s in 2017 for the São Francisco River (Brazilian National Water Agency 2018). This current reduction in river flow is directly involved with the reduction on precipitation patterns and due to the increase in water consumption for irrigation. The São Francisco River basin has considerably less water than the other basins. Water from the other basins can be used to complement the need for water in the São Francisco River basin.
As shown in Fig. 4 , there is a reasonable amount of water in most locations of the Amazon, Tocantins, Xingú, and Araguaia basins. On the other hand, the Northeast river basins suffer from critical or very critical water availability. A water transposition system would reduce the incidence of floods in the Araguaia Basin and reduce the impact of droughts in the São Francisco basin, functioning as a climate change adaptation measure. Projects have been developed for the transposition of water from the Tocantins River to the São Francisco River (Mamede et al. 2002) . A committee of the Chamber of Deputies in Brazil (the lower Chamber in Parliament) is currently studying the possibility of implementing the transposition of water between the Tocantins and the São Francisco River (São Francisco River Transposition Commission 2015).
Interbasin L3WC case study
This section presents a case study of Interbasin L3WC between the Amazon, Tocantins, and Paraná basins and the São Francisco basin, as shown in Fig. 5 . As it can be seen in Fig. 2 , the wind blowing at the São Francisco basin is in the opposite direction of possible transposition projects from the Amazon, Tocantins to Paraná basins. This indicates that this location might be appropriate for Interbasin L3WC. The other important aspect is to check if there is an appropriate land for irrigated agriculture in the São Francisco basin. Then, detailed modeling should be performed to study the impact of the increased humidity of all basins on the regional climate (this task is out of the scope of this paper).
Transposition
This article proposes four water transposition cycles between different basins as presented in Fig. 5 . The order of increasing complexity for transposition projects involves taking water from the Grande River, then Paranaiba River, then Tocantins, Araguaia, and Xingu rivers and then Amazon River.
The transposition of water from the Grande to the São Francisco rivers is not complicated. The Furnas reservoir has a storage capacity of 17 km 3 and it is used to regulate the Grande River, which has an average flow of around 800 m 3 /s. To connect the Furnas reservoir with the São Francisco River, a 15 km long tube is required. This tube would have a 100 m head, which could be used for hydroelectric generation. Two more run-of-the-river dams should be built Three run-of-the-river dams should be built to increase hydropower generation head of the São Francisco River by an additional 100 m. There is no energy needs for the transposition and the transposition would result in a similar or higher overall electricity generation. The estimated amount of water available for transposition is 150 m 3 /s. The transposition of water from the Xingu, Araguaia, and Tocantins rivers to the São Francisco River is not simple, but provides several benefits. Transposition of the Xingú River to the Araguaia River requires a 120 km canal with an average depth of 15 m, which directs water from the Xingu River to a conventional storage reservoir in the Araguaia basin. This reservoir fills up during the wet season, when there is excess water in the Xingu River and generates electricity during the dry period with a maximum generation head of 210 m. This water will be transposed into the Tocantins River and then to the São Francisco River.
To facilitate the transposition of water from the Araguaia River to the Tocantins River, it is important to control the flow of the Araguaia River in its head to reduce its seasonal flow and allow the transposition system to operate during the wet and dry periods. In order to achieve this, a channel will be created to stop flooding in the Araguaia River. A sedimentary basin storage dam will control the amount of water stored in the Mid-Araguaia sedimentary basin. Sedimentary basin storage intends to store water in the sandy ground and control the level of the groundwater with the dam. Flood control in the Araguaia basin will enable the economic development of the region and the increase in water storage will enable the transposition of water from the Araguaia River to the Tocantins River throughout the whole year. The Araguaia basin has little investment in agriculture and other activities because it suffers annual flooding during the wet season due to its flat geological formation (Santos 2006; Costa 2012) . The transposition project from the Araguaia to the Tocantins River will take place just after the Araguaia National Park at an altitude of 170 m, where the Araguaia and Javaés rivers converge. The transposition will require a 140 km canal with an average depth of 15 m and an 80 km long tube with pumping facility to Lajeado reservoir at an absolute height of 210 m.
The northern transposition Project from the Tocantins River (210 m) to the São Francisco River requires a 60 km canal with an average depth of 20 m, tubes with 20 km and pumping facility to a run-of-the-river dam at an absolute height of 390 m. Following, another 60 km long tube with pumping facility to a seasonal pumped-storage reservoir, with its level varying between 750 and 650 m to store water and energy. In addition, two dams in the São Francisco basin will recover some of the energy used for pumping. The Northern Transposition Project has a 1.500 m 3 /s flow capacity. The southern transposition project from the Tocantins River to the São Francisco River will require three pumping facilities with 20 km tube and 200 km channel. Then a 35 km long tube will connect the channel to the São Francisco basin. Part of the electricity used to pump the water will be generated at the other end of the transposition. It is estimated that for a 2.000 m 3 / s, transposition flow would require 6 GW of pumping capacity. Figure 6 presents a possible transposition project bringing water from the Amazon River into the São Francisco River using the Tocantins River as a channel. The transparent blue arrow represents the predominant trade wind direction, the solid blue lines presents the direction of the transposed water. This is the transposition alternative with the least water conflict issues, as the Amazon River has abundant water resources. For this process to happen, four dams will have to be built on the Tocantins River and new pumped-storage turbines will have to be installed in the dams. These pumped-storage turbines would be able to operate both as pumps and as turbines to generate electricity. The installed pump-storage capacity will be gradually increased with the altitude in the Tocantins River. The upper section of this transposition process is similar to the northern transposition Project mentioned above.
Additionally, this article suggests the operation of the Sobradinho reservoir at its lowest level. The Sobradinho reservoir has a maximum flooded area of around 4200 km 2 in the driest 
Water consumption with irrigation
The second stage of the Land, Water, and Wind Watershed Cycle involves the consumption of the water and turning it into moisture within the watershed. This can be done with land irrigation for food production or biomass plantations, power generation cooling processes, industrial processes, and other uses of water, such as transport, leisure, human consumption, environment, etc. Assuming that water made available from the four transposition projects proposed is more than enough to supply the demand for food production and other processes, this article proposes the use of water for irrigated biomass plantations (i.e., Eucalyptus) to illustrate the process.
Eucalyptus has a high productivity (more than 60 m 3 /ha/year has been reported (Couto et al. 2011) ) and energy characteristics (wood density and heat capacity (Chen et al. 2014) . The tree genus has been acclaimed as one of the best options for energy production due mainly to the large number of species, which enables wide ecological distribution, favoring its introduction in various regions with different soil and climatic conditions (Couto and Müller 2008) . The data used to estimate the water transpiration and biomass production assumed the Eucalyptus Grandis species planted with a spacing of 3 m × 3 m at the Três Lagoas Municipality (Sartorio 2014) .
Assuming that the annual average precipitation in the São Francisco basin is 1200 mm and an water for irrigation of 12,000 m 3 /ha year (Brazilian Confederation of Agriculture and Livestock 2011), and an average growth rate of 60 m 3 /ha year (Sartório 2014 ) (due to high solar radiation and water availability with irrigation). Thus, an approximately 100,000 km 2 of irrigated plantation area would be required to consume the additional 4000 m 3 /s of water transposed to the São Francisco River.
If all this area were used for the cultivation of eucalyptus, it would result in a production of 63 billion m 3 of eucalyptus per year. If this eucalyptus were used for electricity generation, it would be able to generate around 90 GW of electricity at a 90% capacity factor. Much more than the average electricity demand in Brazil (65 GW). The planted biomass could be transported by waterway to the mouth of the São Francisco river and exported to other countries. Alternatively, the irrigated land could produce sugarcane, corn, cotton and other crops (giving preference to crops that consume a lot of water).
Moisture recycle with the wind
The third stage of the L3WC consists of the moisture returning to the basin where the water originally came from. Alternatively, L3WC could be used to direct the water to a different location where there is low humidity and lack of water. This is the most critical aspect required for a successful L3WC system. There are limited locations in the world where wind patterns are constantly blowing in the same direction and where the L3WC can be applied.
In the case study presented in this article, the additional moisture in the São Francisco atmosphere, resulted from the water transposition and water transpiration/consumption, is carried by the trade winds to the Tocantins, Amazon and Paraná basins, as shown in Fig. 2 , with wind speeds of yearly average of 11 m/s at 1400 m absolute height (Brazilian Reference Center for Solar and Wind Energy 2013; Topographic-map 2016) . These are the basins from where the transposed water was taken from. Thus, the moisture returns to their original basins resulting in a partially closed hydrological cycle.
Climate change adaptation with L3WC
L3WC is an important climate change adaptation methodology. Apart from removing water, from where it causes problems and taking it to a region with lack of water, the water consumed would return to where it was originally from increasing the overall water availability of both basins. For example, if a basin is suffering with a drought, there will be an increase in irrigation to maintain the high agricultural production rate. The increase in irrigation would increase the humidity of the basin and, thus, partially mitigate the impacts of the drought. Alternatively, if there is a period with high precipitation and flooding, there will be a reduction in demand for irrigation and, thus, the contribution of the L3WC to the intensification of the flooding conditions reduces.
In order to give a rough estimate of the impact of the L3WC on Brazil's climate, the river flow of the Amazon, Tocantins, Paraná, and São Francisco rivers combined (152,000 m (c) Conflicts resulted from the multiple uses of water and multiple stakeholders.
Conclusions
This article introduced a new mechanism named Land, Water, and Wind Watershed Cycle aiming to increase the water availability of a basin or a region. The L3WC is an artificial water cycle generated by the transposition of water to another basin. This water is consumed in plantation irrigation and then returned by the strong trade winds to the location from where it was removed. Four examples of water transposition processes to the São Francisco River have been considered. The direction of the wind along the São Francisco basin carries moisture into Brazil, in the opposite direction of the transposed water. This would increase the residence time of the water in the continent, which would increase the availability of water in Brazil.
It was found that an approximately 100,000 km 2 of irrigated eucalyptus plantation area would be required to consume 4000 m 3 /s of water from the São Francisco River. The resulting biomass produced would be able to generate 90 GW of electricity at a 90% capacity factor. In addition to increasing irrigation in Brazil, this mechanism can be used to assist adaptation to climate change, as it would change the spatial distribution of water in Brazil, possibly increasing its water availability. This would have a positive impact on the country's climate, which is in degradation.
For future work and in line with modern trends in climate change adaptation (Leal Filho 2015) , it is necessary to create additional climate and hydrological models in order to estimate the moisture dispersion from the São Francisco basin. Eventually, it could be shown that the Land, Water, and Wind Watershed Cycle may not be easily implemented. However, it is important to understand this mechanism and that changes in land and water use have direct impacts on the climate. This knowledge could then be used to improve uses of land and water with the intention of creating communities more resilient to changes in climate.
